Background: Merkel cell carcinoma (MCC) is a relatively rare and aggressive cutaneous neuroendocrine malignancy characterized by high incidence of local recurrence, distant metastases, regional nodal metastases, and high mortality. Clinically, MCC presents as a persistent asymptomatic red/pink shaped nodule, usually smaller than 2 cm with nontender intracutaneous swelling, with rapidly growing localized disease with lymph node metastases preceding distant metastases. Because of its rare nature and the lack of comprehensive understanding of the disease, management of MCC has been controversial. Methods: An 87-year-old retired Caucasian male with a history of tobacco use, chronic sun exposure, and multiple squamous and basal cell carcinomas presented with a 1.8 × 1.3 cm red, nontender nodule on the dorsum of the proximal phalanx of the left long finger first noticed 6 months prior to presentation. Biopsy was consistent with MCC after which he was treated with wide local excision, full-thickness skin grafting, and sentinel lymphadenectomy (1/4 nodes positive) followed by adjuvant radiation therapy. Results: He recovered appropriately and was clinically and radiographically disease free at 2.5-year follow-up. Conclusion: Although it remains rare, MCC has increased in incidence over the last several decades and has a predilection to occur over sun exposed areas. Highly aggressive, it has a high incidence of regional and distant metastasis as well as local recurrence. As a result, it is important that practitioners involved in the care of skin and hand lesions be aware of this condition and the need for a multidisciplinary treatment approach.
Introduction
Merkel cell carcinoma (MCC) is a relatively rare and aggressive cutaneous neuroendocrine malignancy first described by Toker in 1972. 28 An inherently aggressive disease, MCC is biologically characterized by high incidence of local recurrence, distant metastases, regional nodal metastases, and high mortality. 1, 17 These factors in combination with often delayed presentation make MCC a challenge to control. It is believed to arise from the Merkel's cell, first described by Friedrich Sigmund Merkel, a histopathologist, in 1875 as Tastzellen (touch cells). These neurotactile cells of neuroendocrine origin are found in the stratum basale of the epidermis with a high density of these cells located on hairless skin such as the lips, fingers, palms, and soles of the feet, and function as mechanoreceptors of light touch discrimination of shapes and textures. 20 Arising in the dermis, MCC extends down into the subcutis; however, because epidermis is rarely involved, the presentation of ulcerated skin is rare.
MCC presents on the extremities (in 38% of cases) and head and neck (29%), 3 suggesting a correlation with ultraviolet B radiation or sun exposure. There are several other risk factors associated with MCC: immunosuppression, history of organ transplantation, and Merkel cell polyomavirus infection. 1, 9, 15 Furthermore, there appears to be an advanced age predilection as the mean age for initial diagnosis for men is 73 years and 76 years for women. 2 Clinically, MCC presents as a persistent asymptomatic red/pink shaped nodule, and less frequently as blue/violaceous. Typically, they are smaller than 2 cm with nontender intracutaneous swelling. 3, 12, 23 In addition, most cases present as rapidly growing localized disease with lymph node metastases preceding distant metastases. 21 Because of its rare nature and the lack of comprehensive understanding of the disease, the management of MCC has been controversial. Surgical excision and sentinel lymph node biopsy 616098H ANXXX10.1177/1558944715616098HANDWesterveld et al
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1 University of Florida College of Medicine, Gainesville, FL, USA (SLNB) followed by site-specific irradiation remains the standard of care. Five clinical features most commonly presented with MCC are represented by the acronym, AEIOU, or Asymptomatic/lack of tenderness, Expanding rapidly (≤3 months), Immunosuppression, Older than 50 years of age, anatomical location on an ultraviolet (UV) exposed site. 12 An estimated age-adjusted annual incidence of 0.32 per 100 000 people per year, but more importantly, an increase in MCC incidence from 0.15 cases per 100 000 in 1986 to 0.44 cases in 2001, 1, 13 highlights the importance of controlling this very rare yet potentially fatal cancer.
Case Presentation
An 87-year-old retired Caucasian male with a history of tobacco use, chronic sun exposure, and multiple squamous and basal cell carcinomas, presented to the Surgical Oncology service with a small red, nontender nodule on the dorsum of the proximal phalanx of the left long finger. The patient first noticed a "bug bite" 6 months before presentation that progressively enlarged but never became painful. Local examination showed an ill-defined 1.8 × 1.3 cm area of slight roughening and tan discoloration (see Figure 1 ).
Biopsy was significant for MCC and the patient underwent a wide local excision (WLE) of the lesion (5.4 × 4.7 × 0.2 cm) with full-thickness skin graft (FTSG) closure. Intraoperatively, sentinel lymphadenectomy of the left deep axilla was performed. Microscopic examination of the primary lesion revealed the presence of a malignant neoplasm within the dermis. Histologically, it was poorly circumscribed and nonencapsulated, formed of trabeculae of small blue cells with abundant nuclear molding, individual cell necrosis, geographic necrosis, marked pleomorphism and atypia, and numerous mitotic figures. In addition, these neoplastic cells stain positively with antibodies against both cytokeratin 20 (CK20) and synaptophysin, showing a characteristic paranuclear dot pattern, indicating that this was most likely a primary tumor. 6, 16 The excisional margins of the skin and subcutis were free of tumor. One of 4 SLNs had evidence of metastatic disease on both routine and synaptophysin staining. This metastasis was localized largely within the subcapsular sinus, focally extending into the pericapsular fatty tissue (see Figure 2 ). Two months following diagnosis and excision, radiotherapy at both the primary site and wide areas of the left axilla commenced at a dose of 200 and 180 cGy/fraction, respectively. In addition, our patient received a left axillary boost dose of 600 cGy for a total dose of 4500 cGy at the secondary site and 4400 cGy at the primary site. Care and consideration of the graft was taken into account, and radiotherapy of the dorsum of the finger at the primary site was withheld for 1 week until there was a large degree of healing. Completion of nearly 1 month of radiotherapy resulted in no unusual reactions or changes in graft adherence. In clinical follow-up examinations, the left middle finger was completely healed with normal mobility and function. A positron emission tomography (PET) scan performed 8 months following excision showed no evidence of disease. Furthermore, 2-year clinical follow-up suggested no recurrent disease at the primary site (see Figure 3 ).
Discussion
Since initial reporting in 1972, MCC also referred to as neuroendocrine carcinoma, trabecular carcinoma, primary small cell carcinoma of the skin, and anaplastic carcinoma of the skin has been characterized as an uncommon highly aggressive malignancy that arises from the Merkel's cells located in the basal layer of the epidermis. 20 This disease appears to have an age-related course of incidence with the vast majority of patients (72%) over the age of 70 and only 4% aged 49 years or younger according to the Surveillance, Epidemiology, and End Result (SEER) program. Atypical cases wherein the patient is less than 50 years old can occur 
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HAND 11 (4) in transplant patients. 22 Furthermore, males appear to be at greater risk of MCC (61.5%) compared with females (38.5%), 2, 18 and Caucasians account for 95% of the cases. 2 Highly aggressive, MCC-specific mortality appears to be directly correlated to the microscopic spread of the disease, which follows the Halstedian model of spread with a stepwise spread to the regional lymph nodes prior to metastasizing hematogenously. 24 A cohort study of over 5800 MCC patients outlines the relative survival rates of patients presenting with local disease, regional nodal disease, and distant metastatic disease. 18 Patients presenting with local disease had 71% relative survival 3 years after MCC, whereas individuals with nodal and distant metastatic spread showed 48% and 20% relative survival rates, respectively, over the same time period. Initial tumor size also has been shown to have a positive predictive value on survival rates. Three years after diagnosis, individuals presenting with a ≤2-cm lesion had a 74% survival rate, whereas those with a tumor sized 2.1 to 5.0 cm had a 62% survival rate. The predominant anatomical sites that present with MCC are areas with frequent sun exposure such as the skin of the face (27%), skin of upper limb and shoulder (22%), and skin of lower limb and hip (15%). 2 In addition, incidence is increased in individuals of European descent, which may be related to the deficiency of protective melanocytes. With a high density of Merkel cells on the hand and frequent exposure of the hands to UV radiation, the likelihood of developing MCC on the hand is increased. Interestingly, a recent case report demonstrated the association of radiation exposure with MCC in a retired surgeon who frequently performed digestive tract radiography using the naked hand. 4 The chronic exposure to radiation may have contributed to the development of MCC with squamous cell carcinoma in situ. Although rare, MCC has also been found infrequently on the penis, vulva, and in the parotid gland. 5, 10, 14 Macroscopically, MCC presents most commonly as an asymptomatic nodular red/pink lesion <2 cm in size, which demonstrates rapid growth of the tumor within weeks to months. 12 Microscopically, it is characterized by small and round to oval cells disposed as either a discohesive population or as cohesive clusters of cells. 16 The tumor cells contain nuclei exhibiting finely granular and dispersed chromatin without prominent nucleoli, scant cytoplasm, in addition to intercellular junctions. 8, 16, 25 However, these cytomorphologic characteristics are not specific to MCC as they could present in other malignancies such as melanoma, small cell carcinoma, and lymphoma. Immunohistochemistry serves as a way to differentiate MCC from other similar carcinomas. Immunohistochemically, tumor cells demonstrating immunoreactivity against CK20 often allow for the positive identification of MCC. 16 Cytogenetically, a recent report of MCC shows a complex karyotype with multiple chromosomal gains. A composite karyotype of 52, XY, +Y, +6, +6, +12, +19, +20 was indicated. 19 There is no cytogenetic similarity between primary MCC and metastatic MCC. Therefore, the extent of chromosomal aberrations may be related to the severity of the disease, as others report chromosomal translocations and deletions, and loss of heterozygosity of 3p21, to be present in MCC. 29 Despite the lack of similarities, structural aberration in chromosome 1 is the most common cytogenetic finding in primary MCC. 19 Surgical management of both primary site and SLN is the standard method of treatment for MCC. Current National Comprehensive Cancer Network (NCCN) guidelines recommend WLE of the primary site with 1 to 2 cm margins to the investing fascia of muscle when clinically feasible. For occurrences of MCC on the face or in other instances where tissue sparing is of high importance, histologic margin assessment may be warranted using Mohs technique. A retrospective analysis of 5823 cases indicates that 27% of cases presented with nodal disease. 18 However, the management of a positive SLN remains an area of controversy. Complete excision of the primary site while achieving negative margins (1-2 cm) trends toward an overall improvement in long-term survival. 26, 27 Therefore, the initial evaluation of a presenting patient with suspected MCC includes the management of the primary tumor with wide local incision (1-2 cm margin) in addition to the management of the draining nodal basin with SLNB. For those individuals presenting with a positive SLN, a multidisciplinary tumor board consultation followed by node dissection and/ or radiation to the therapy to the tumor basin should be performed. Although the SLNB is an important staging tool, the importance in overall survival remains unclear. The lack of certainty regarding the management of lymph nodes differs from current guidelines of many other malignancies where lymph node dissection is indicated. The NCCN does recommend lymph node dissection for clinically evident lymphadenopathy in the axilla or groin, which should be followed by radiation therapy. However, the management of a microscopically positive node in which small metastatic foci of cells are present without extracapsular extension, the lack of clinically palpable lymphadenopathy, and lack of abnormal imaging criteria (computed tomography [CT], magnetic resonance imaging [MRI], or PET/CT scan) are less clear, but currently recommended to undergo radiation. In the event that distant metastases are identified, the current NCCN guidelines suggest considering adjuvant chemotherapy with cisplatin or carboplatin with or without etoposide. The rarity of MCC and lack of comprehensive randomized control studies hampers the establishment of guidelines for optimal therapy of those individuals afflicted with distant metastasis of MCC. In cases of in-transit metastasis, which are tumor cells distinct from their primary lesion, located within the lymphatic drainage route between the primary tumor and distant metastases, radiotherapy is ineffective. In such an event, palliative amputation of the limb in question may be justified. 11 The surgical approach in this patient was to outline the visible and palpable lesion on the dorsal finger. A second incisional outline was then drawn 1 to 2 cm from the tumor outline. Subsequently, excision the outlined lesion was performed in a full-thickness fashion removing the skin and subcutaneous tissue; however, the epitenon remained, as there was no evidence of adherence to the underlying tendon. Because of its high rate of recurrence, postoperative radiotherapy to the primary site and draining nodal regions was performed. This is in agreement with the current guidelines outlined by the NCCN. A 45-to 60-Gy dose has been shown to be beneficial. 7 Multiple factors must be considered when closing a tumor defect after wide local incision. In this case, considerations included age, comorbidities, medical history, and need for radiation therapy. An FTSG was deemed appropriate for the patient given the relatively short procedure time, ability to be performed under local anesthesia with sedation, and relative tolerance to the proposed skin graft. Often more complex options included a cross-arm flap, dorsal metacarpal artery pedicle flap, or free tissue transfers including a venous flap from the forearm. These alternative options add a level of complexity and increase operating time for the management of the tumor excision defect.
As MCC is a relatively rare tumor, there are no randomized controlled trials or studies upon which the radiation oncologist can definitively base decisions related to radiation dosing. Each case is unique with its own treatmentrelated considerations regarding local control, function, and cosmesis for both short term and long term. Radiation, by general consensus, is now accepted as part of the standard therapy for MCC following WLE and sentinel node evaluation or lymph node dissection. Numerous anecdotal studies have repeatedly demonstrated improved local control with adjuvant irradiation, though overall survival may be unaffected. Disease-specific survival, however, generally is shown to improve with the addition of radiation after WLE. Improved local control may not translate into overall survival as this entity tends to occur in the elderly or immunosuppressed populations that tend to have shortened survivals as a group in any circumstance. Local control is generally beneficial as uncontrolled local tumor results in painful, bleeding, infected, unsightly tumor sites with functional compromise all of which are very distressing to patients and their caretakers.
The typical doses for radiation are extrapolated from those used to treat pulmonary small cell carcinoma with techniques similar to squamous cell carcinoma of the skin. Anecdotal reports suggest dose response curves similar to other epithelial tumors in the range of 45 to 50 Gy at standard fractionation sizes (1.8-2.0 Gy per fraction). Larger fraction sizes are sometimes used for expedience in areas of low functional or cosmetic consequence, but the radiobiologic equivalent (RBE) should equate approximately 50 Gy at 2 Gy doses per fraction. Treatment given to functionally important tissues, as in our case over extensor tendons and digits, necessarily requires standard fraction sizes, immobilization devices, carefully selected electron energies, and the use of tissue equivalent bolus material to maximize dose distribution and minimize dose to deeper tissues not at significant risk. This process, though time-consuming, will maximize local control, functional outcomes, and cosmetic results, and minimize long-term fibrosis as well as short-term skin reaction.
For this particular patient, nearly constant self-administered physical therapy in the form of aggressive range of motion and stretching was recommended and faithfully followed both during and after radiation delivery. We suggested that he continue this on a permanent basis, but through 18 months at a minimum. We selected 6 MeV electrons and 0.5 cm bolus to the primary site over the middle finger and a large area of the dorsal hand midsection after acquiring a treatment planning CT scan in the department with his hand in a specially fabricated fixation device in the treatment position. In addition, at the axillary portion of the field, we used a posterior axillary boost (PAB) to bring the midplane axillary dose up to 46 Gy. Alternatively, anteroposterior-posterolateral (AP/PA) fields could have been used to achieve an equivalent effective dose. Standard fraction sizes were used to minimize the risk of upper extremity edema in the long term as well as to minimize the local axillary skin reaction, which can be quite severe when larger fraction sizes are used. During the treatment course, an epitrochlear node was palpated and spontaneously regressed with observation alone.
Although it is rare, MCC is increasing in incidence over the last several decades. As such, practitioners involved in hand and dermatologic surgery should be aware of the condition and its appropriate therapies. Optimal treatment requires multidisciplinary management including a wide field of specialists such as dermatopathologist, radiation oncologist, and highly knowledgeable surgeons. Moreover, it is important to be aware that MCC has a high rate of recurrence with a reported 4% and 6% incidence of recurrence locally and regionally, respectively, and a worrisome 8% incidence of recurrent distant metastasis. 7 Taking this into consideration, the NCCN recommends a thorough physical exam including a regional lymph node exam every 3 to 6 months for 2 years, followed by every 6 to 12 months thereafter. In our case, multidisciplinary teamwork allowed treatment with a combination of surgical excision and adjuvant radiation leading to disease-free survival at 2.5-year follow-up.
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